Introduction
Magnesium is the lightest of all the commonly used metals. It is one of the most abundant elements in the earth's surface, amounting to a mass fraction of ca. 2.5%. It has been prepared for industry as metal ingots and alloys; the latter are most often made with aluminum. Various magnesium-based alloys have been developed and applied to transport facilities and mobile electric devices because they have the best strength-to-weight ratio of any of the commonly used structural alloys. They have not only been used for general structural applications, mainly as castings, but also consumed in aerospace and nuclear power industries. Accordingly, the chemical compositions of magnesium and its alloys have already been standardized from major to trace quantities in ISO (International Organization for Standardization), 1,2 ASTM (American Society for Testing and Materials), 3, 4 and JIS (Japan Industrial Standard). 5, 6 Furthermore, tin and lead have been regulated in materials in view of the restriction of hazardous elements. In the standards of unalloyed magnesium, 1,5 they must be contained to each mass fraction of 0.005% or less on high-grade pure metals (ISO designates "Mg99.98" and "Mg99.95", which correspond to "MIS1" and "MI1" in the JIS). ASTM also denotes that lead must be less than 0.001% in the highest grade, "9998A". 3 However, the standardization of analytical methods to determine trace metals therein is quite insufficient. Some methods for the determination of trace elements in these materials with flame atomic absorption spectrometry were provided in 1999 as JIS (Zn, 7 Mn, 8 Cu, 9 Ni, 10 Fe, 11 Be, 12 and Ca 13 ). In 2006, ISO confirmed eleven old standards for trace analysis with photometry and atomic absorption spectrometry, all of which were established in the 1970s and 1981.
14 On the contrary, in 2008 ASTM withdrew the standard test methods in view of a lack of information on reliability therein, 15 where a chill cast specimen can only be affordable to be analyzed with the ASTM test method using spark source atomic emission spectrometry. 16 In all cases, there existed no methods for the determination of tin and lead, and none with ICP-AES, which is nowadays one of the most conventional de facto standard instrumental methods for the trace analysis of metal elements.
The authors, who participated as members of the analytical committee of The Japan Magnesium Association, have planned to put interlaboratory testing into practice in order to establish a standard analytical method for the determination of trace amounts of tin and lead in magnesium and its alloys using ICP-AES, which should be feasible to propose as standard analytical methods.
Experimental

Concept of the testing and protocol
The analytical method to be proposed as a standard seems to be acceptable for practical technicians with various environments and skills because the committee for drafting JIS methods must consist of interested manufacturers and users of the material, and also independent staff members as advisers; namely, JIS should be held in common between the manufacturers, distributors, users, consumers, and researchers. In this study, prerequisites for the methods were concluded as follows: the methods involving experienced handling, such as separation and concentration procedures should be avoided as much as possible; commercial ICP-AES instruments are almost suitable for measurements in this method; reagents and glassware are commercially available and easily obtainable in Japan; the methods satisfy routine analysis requirements. A comprehensive description of the protocol may only make the testing to be put into practice more difficult. Therefore, procedures involving simple dissolution with acids and volumetric preparation, sample nebulization, and matrix In order to establish a standard analytical method for the determination of trace amounts of tin and lead in magnesium and its alloys, which could be found in neither JIS nor ISO standards, an interlaboratory testing with inductively coupled plasma atomic emission spectrometry (ICP-AES) has been put into practice. Simple dissolution with nitric and hydrochloric acids and sample nebulization procedures were finally concluded to be suitable for standardization. The analytical methods, proposed in this study have been provided as newly established JIS standards. 
Notes
Interlaboratory
The interlaboratory testing
The participants concerning the testing were technical staff members belonging to chemical laboratories of the following organizations in Japan: Ube-Mitsubishi Cement Corp., Japan Metals & Chemicals Co. Ltd., Advanced Technologies Inc., Chuo-Kosan Co. Ltd., Mitsui Mining & Smelting Co. Ltd., and Tokyo Metrop. Ind. Res. Inst. Another participant, OnodaShoten Co., assisted in testing by spark source atomic emission spectrometry.
A certified reference material (CRM) of magnesium, a real sample of magnesium, and two real samples of magnesium alloys for die castings were used. One of the alloys, named "AZ91D" in the ASTM standard, 4 contained ca. 9% of aluminum, 0.7% zinc, and 0.3% manganese in mass fraction. Another one, "AM60B", 4 contained 6% aluminum and 0.4% manganese. The CRM supplied as chippings (No. C61XMgP20A) was purchased from MBH Analytical Ltd. (Barnet, England), while chippings from ingots of three real samples were prepared by one of the participants (Japan Metals & Chemicals Co. Ltd.). The ingots were bored with drills and the drilled pieces were separately packed and sealed under an airtight condition using argon gas, which had ca. 20 g in mass per bag to be sent to the participants as test samples. The participants were requested to determine tin and lead in these samples by a following protocol of the analyses. The calibration procedure with matrix matching must be made using high-pure magnesium oxide (Kanto Chemicals, 99.99%), aluminum and zinc. The analytical results must be reported as an average of individually duplicate or triplicate runs.
The interlaboratory testing had three series, the first of which was to check the validity of a protocol using the CRM, and a following determination of a real magnesium sample. The second series was to optimize the matrix concentration of the sample solutions, which is indispensable to achieve for sample nebulization. Three matrix concentrations of 1, 2, and 4% were directed to be prepared and measured separately. The last one was used to analyze real magnesium alloys with a matrix matching procedure under the optimized concentration.
Reagents and chemicals
All reagents used were of analytical grade or further highly purified grade, which were commercially available, and used without special designation.
Apparatus
Participants in six organizations totally used seven different ICP-AES equipment with six different types in the testing, as shown in Table 1 . Several different characteristics listed in the table were useful in this study, considering that the standard methods to be constructed must be suitable for various types of equipment.
Protocol for the testing
A protocol for the dissolution of a sample as preparation was documented as follows:
1. One gram of a sample was weighed to a digit of 0.1 mg and transferred to a borosilicate beaker of appropriate size (200 -300 cm 3 ). 2. Concentric nitric and hydrochloric acids of high purity were diluted twice with water, respectively, to make their stock solutions, i.e. 6.0 mol dm -3 of hydrochloric acid and 6.8 mol dm -3 of nitric acid. 3. Water as well as twice-diluted nitric and hydrochloric acid solutions were poured into a beaker, which was subsequently covered with a watch glass; the sample was dissolved through conventional heating after a vigorous reaction with the evolution of nitrogen dioxide gas. The dissolution process was gentle on heating so as to suppress the volatilization of acids. 4. The sample was prepared to a solution to 50 cm 3 with a volumetric flask, which contained a matrix concentration of 2%. 5. The prepared solutions were made to finally have 0.4 mol dm -3 of nitric acid and 0.1 mol dm -3 of hydrochloric acid. The volumes and orders of the acids to be added were determined by the participants. 6. To weigh 2 g of a sample and to prepare a solution to 100 cm 3 was also acceptable as an alternative operation. 7. A sample had to be pretreated in duplicate or triplicate runs. In a second series, the above-mentioned protocol was modified so as to prepare sample solutions of 4%; i.e. 2 g (4 g) of a sample was weighed to dissolve and prepare a solution of 50 cm 3 (100 cm 3 ), thereby allowing subsequent dilution to those of 2 and 1%. A protocol for the preparation of standard solutions was documented as follows:
1. Magnesium oxide (99.99% or higher in purity) was dissolved with a nitric acid solution, to prepare a 4% solution of magnesium(II) in 0.4 mol dm -3 of nitric acid and 0.1 mol dm -3 of hydrochloric acid. 2. Aluminum (99.99% or higher in purity) was dissolved with the nitric and hydrochloric acid solutions by five to one in volume, to prepare a 0.36% solution of aluminum(III) in 0.5 mol dm -3 of nitric acid. 3. Zinc (99.99% or higher in purity) was dissolved with the nitric acid solutions to prepare a 0.1% solution of zinc(II) in 0.5 mol dm -3 nitric acid. 
4.
A series of standard assay solutions of tin and lead having concentrations of 0, 0.5, and 1.0 mg cm -3 for metal samples and 0, 1.0, and 2.0 mg cm -3 for alloy ones were prepared by diluting commercially available 1 mg cm -3 standard solutions of the metals or their solutions of the same concentrations prepared by dissolving highly pure metals. The concentrations of the matrix components had to be identical with the samples, by diluting the stock solutions of the elements, as stated: Mg 2% (metal), Mg 1.8%-Al 0.18%-Zn 0.02% (AZ91D alloy), Mg 1.88%-Al 0.12% (AZ60B alloy).
The calibration ranges could vary appropriately according to the contents of the samples. A protocol for a measurement with ICP-AES was documented as follows:
The sample solutions were nebulized to be introduced directly into the plasma. Atomic emission spectra, free from spectral interferences, should be visually identified at two affordable wavelengths, where the background wavelengths were pointed out at both ends of each peak. After introducing the assay standard solutions to make a calibration line, the sample solutions were aspirated. If repeated measurements (usually in triplicate) showed a descending tendency, the sample and standard solutions had to be prepared with an internal standard element, such as cobalt(II), thus suppressing the influence of any clogging at the orifice of a nebulizer. Moreover, comparable data with spark source atomic emission spectrometry using an identical CRM supplied as a disk could be obtained to show that the concentrations of tin and lead were 71 and 59 mg g -1 , respectively, which confirmed the accuracy of the data and the validity of the protocol. Table 3 gives the effect of the matrix concentrations and the type of nebulizers, as well as the results in the second series of testing. The decreased number of available data is due to not only troublesome operations, but also to the fact that the nebulizers for high salt concentrations were already installed into the ICP-AES instruments in the laboratories of the participants. The data of No. 1-1 and 1-2 could be compared in detail, as shown in Table 4 . In the former, concentric nebulizers of standard ("TR-30-A2") and high salts ("TR-30-C2") made by Meinhard Glass Products (Colorado, USA) and SPS4000 were used for measurements. In the latter, those of standard ("Conical") and high salts ("SeaSpray") made by Glass Expansion (West Melbourne, Australia) and Vista-Pro were used. In both tables, the data seem to be independent of the matrix concentrations, but their precision obtained using nebulizers for high salt concentrations was better than those using standard ones. It is noteworthy to mention that there occurred a certain type of damage onto the outer tube and clogging of the inner tube in a plasma torch due to the introduction of solutions of 4% for hours, especially into a horizontally aligned torch for axial viewing. Solutions of 1% may have had insufficient emission peaks on insensitive instruments. Hence, the preparation of a sample solution to a matrix concentration of 2% and measurements using nebulizers for high salt concentrations were considered to be preferable. Besides, another type of nebulizers for high salt concentrations, named Hildebrand grid nebulizer (Teledyne Leeman Labs., New Hampshire, USA) is also available. Table 5 gives the results of interlaboratory testing in the first and third series on real samples of magnesium and magnesium alloys, which were also average values of independent duplicate or triplicate runs with severally adequate repeatability. In the third series, a concentric nebulizer for high salt concentrations, "SeaSpray" nebulizer, 17 was distributed to each participant in advance for acquiring better precision. Slight atomic emission peaks could only be observed for measurements of tin in all real samples, which led to determinations with poor precision. But the results were adequate as JIS standards, because the corresponding material standards describe upper limits of 50 mg g -1 for tin. 1, 5 The concentrations of lead in the samples were fairly good on reproducibility, as shown in the table. Although some more information on reliability may well be reported as measurement uncertainty, validity of the protocol using the 6 7 a. Noted in the certi cate as the 95% con dence interval derived from the analysis results. 18 The participants in industry were reluctant to make use of the available measurement uncertainties, owing to their unfamiliarity. Also, the reproducibility of the analytical data used in this study is one of the major factors that contribute to the total measurement uncertainty, considering that the analytical data coincided well with their certified values. The influences of some characteristics of ICP-AES listed in Table 1 concerning the analytical data were investigated by sorting these data, which revealed no significant tendency. The average values of lead in the magnesium and magnesium alloys were almost independent of the type of chambers, viewing positions, and type of detectors studied. This may be natural, but is an important fact to be confirmed for constructing standards, especially on trace determination in coexisting matrices.
Results and Discussion
The protocols evaluated in the testing were documented more in detail and have been provided as newly established JIS standards, H1342 19 and H1343. 20 
Conclusions
This study was designed in order to obtain an analytical basis for the concerned new standard methods with ICP-AES. It was convenient that some popular types of the instruments could be used in the testing. Since newly featured types have recently been introduced, we had to inspect any influence of the equipment on the data using an identical protocol, which resulted in no special consideration. Standardization for determination of trace metal elements in metallic materials with ICP-AES is indispensable and urgently necessary for industry. Table 4 Effect of matrix concentrations and type of nebulizers on lead concentrations in the real sample of magnesium a. Meinhard nebulizers of standard ("TR-30-A2") and high salt ("TR-30-C2") and ICP-AES (SPS4000) were used (data No.1-1 in Table 3 
